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Objectives: to determine the difference in renal and systemic response between open and endovascular aneurysm repair.
Materials and Methods: we studied prospectively 22 patients undergoing open repair (OR) and 15 patients undergoing
endovascular repair (ER). Blood and urine samples were taken preoperatively (T0) and before clamping of the aorta or
femoral artery (T1) and 5 min (T2), 1 h (T3), 6 h (T4), 24 h (Day 1) and 48 h (Day 2) after declamping. Albumin/
creatinin ratio (AC ratio) in urine, serum albumin, serum creatinin, serum C-reactive protein and serum lactate were
determined.
Results: the urinary AC ratio in ER was significantly lower than in OR (p<0.001). In both groups the rise in urine
albumin/creatinin ratio after declamping (T2, T3) was significant (p<0.001). C-reactive protein was raised significantly
at day 1 and 2 in both groups (p<0.001) with no difference between the groups. Serum lactate values were significantly
higher in OR. There was a significant increase in serum lactate 6 h after declamping in the ER group.
Conclusions: after endovascular repair renal damage is less compared to open repair. There is a significant systemic
reaction to the endovascular repair causing mild, short-lasting damage to the kidney. This systemic response is most
probably induced by a combination of ischaemia reperfusion injury and the surgical trauma of the procedure. Other
possible explanations are discussed.
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Introduction epidural in addition to standard general anaesthesia.
Urine and blood samples were obtained pre-op-
eratively (T0); before clamping of the aorta (OR) orEndovascular aneurysm repair (EVAR) may be as-
femoral (EVAR) arteries (T1); and then 5 min (T2), 1 hsociated with a reduction in surgical trauma and the
(T3), 6 h (T4), 24 h (Day 1) and 48 h (Day 2) aftersystemic effects of ischaemia and reperfusion (IR) in
declamping of the first leg.injury or in remote organs such as the lung and
All samples were analysed immediately or snapkidneys.6–19
frozen and stored at −70 °C.In the present study we compare the renal response
Iso-osmolar non-ionic dimeric contrast solution wasto EVAR and open repair (OR) by means of albumin
used in EVAR. Clamp time, blood loss and com-creatinin (AC) ratio20–22 and C-reactive protein (CRP).
plications were also recorded. Lactate, albumin and
creatinin concentrations were measured on a Vitros
950 analyser using standard Ektachem Slide tech-
Materials and Methods nology. The micro-albumin concentration in urine was
determined with a rate-nephelometric technique on
Twenty-two patients undergoing OR and 15 under- an Array 360 CE system using the standard Beckman
going EVAR were compared. Local ethical committee reagents.
approval was obtained. Patients with renal impairment
were excluded. All OR and EVAR patients received Statistics
A non-parametric test (Mann–Whitney U-test) was
∗ Please address all correspondence to: M. H. W. A. Wijnen, De-
used to compare both groups. Statistical significancepartment of Surgery, St. Joseph Hospital, P.O. Box 7777, 5500 MB
Veldhoven, The Netherlands. was set at p<0.05.
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Table 1. Characteristics of patients treated for abdominal aortic aneurysm by open repair
and endovascular repair. Data are presented as median and range.
Type of repair Open repair Endovascular repair
Age, median (range) 70 (59–82) 69 (59–74)
Sex 20 male, 2 female 13 male, 2 female
Aneurysm size, median (range) 57 mm (45–80) 54 mm (50–84)
Mean ASA classification 1.9 2.3
Table 2. Perioperative data of patients treated for abdominal aortic aneurysm by open repair or endovascular repair.
Data presented as median and range. (M.O.F.: multiple organ failure, M.I.: myocardial infarction).
Type of repair Open repair Endovascular repair
Clamping time, median (range) 71 min (35–114) leg 1 25 min (20–35). Both legs were
98 min (55–135) leg 2 clamped in seven patients
Bloodloss, median (range) 1900 ml (600–4000) 355 ml (200–750)
Contrast agent, median (range) 305 ml (150–600)
Complications One death (MOF after 30 days) One death (MI after 24 h)
One conversion to OR
No difference was found in serum creatinin values
between the groups (Table 3).
There was a large fall in albumin concentration
in the OR group (p<0.001). CRP were significantly
elevated at T5 in both groups (p<0.001) with no dif-
ference between the groups.
Lactate increased less in the ER group compared to
OR patients at T2 and T3 (Fig. 2). There was, however,
a significant increase in serum lactate 6 h (T4) after
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declamping of the first leg in the ER group comparedFig. 1. Urine albumin–creatinin ratio. (Ε) Endovascular repair; (Φ
to per operative values (T1, T2, T3) (p=0.002). Noopen repair.
significant increase in serum lactate was seen im-
mediately after declamping (T2) in the ER group (p=
0.158). In the OR group, however, a significant increaseResults
was seen in serum lactate levels immediately after
declamping (T2) (p<0.001).Fifteen bifurcated and seven tube grafts were im-
There were no differences between the Vanguardplanted in the OR group (Tables 1, 2). One EVAR was
and Aneurx patients.converted to a bifurcation OR procedure. All 14 EVAR
patients received a bifurcated graft (7 Vanguard-Boston
Scientific Inc., Watertown, Mass., U.S.A. and 7 AneuRx,
Medtronic Inc., Sunnyvale, California, U.S.A.). Discussion
For the patient in whom the endovascular procedure
was converted to open repair, no further data were IR injury is an important contributor to the morbidity
and mortality of patients undergoing open repair ofused for comparison after T3, 1 h after declamping of
the leg. infrarenal abdominal aneurysms.23–28
To date four studies have compared remote organOne EVAR patient died of myocardial infarction
on postoperative Day 4 and one OR patient died of injury following EVAR and OR.
ACR in urine appears to be a sensitive marker formultiple organ failure 30 days postoperatively. The
urine AC ratio in ER patients was significantly lower remote organ damage following lower torso ischaemia
and reperfusion.20,29 In the present study we havethan in OR patients at T1, T2, T3, T4 (p<0.001) (Fig.
1). In both groups there was a significant rise in AC found a significant larger renal response in patients
undergoing OR when compared to EVAR. However,ratio after declamping (T2, T3) compared to pre-clamp
values (T1) (p<0.001). EVAR patients also showed a significant rise in ACR,
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Table 3. Serum albumin, C-reactive protein, creatinin in time. Values shown as median and range. (T0: preoperatively, T1: before cross
clamping, T2: 5 min after declamping, T3: 1 h after declamping, T4: 6 h after declamping, Day 1 and 2: 24 and 48 h after declamping).
Serum C-reactive Serum
albumin protein creatinin
OR ER OR ER OR ER
Preoperative 40.7 (20.9) 43.1 (10) 8.0 (12) 8 (66) 97.2 (70.2) 102.3 (80.0)
T1 24.3 (15.1) 30.5 (16) 8.0 (12) 8 (44) 81.2 (66.3) 85.2 (61.0)
T2 16.3 (10.5) 28 (19.1) 8.0 (12) 8 (41) 79.0 (73.2) 82.6 (54.2)
T3 14.5 (12.8) 29.3 (18) 8.0 (26) 8 (33) 84.8 (81) 84.9 (95.8)
T4 21.1 (15.3) 29.5 (16.1) 12 (30) 8 (31) 93.9 (115.7) 84.2 (101.4)
Day 1 21.7 (10.7) 29.1 (15.6) 96 (90) 60 (107) 95.3 (112) 94.7 (168.1)
Day 2 23.8 (17.0) 31.1 (17.3) 111 (95) 54 (90) 95 (141) 109.0 (197.6)
reasonable explanation for the systemic response seen
in our ER group.38
Intra-aneurysmal manipulation may cause vaso-
active components to enter the bloodstream due to
components in the intravascular blood clot and ad-
ditional endothelial damage causing cellular activation
and cytokine release. This may possibly explain the
often-noted fever in ER patients during the first post-
operative day. This theory has yet to be confirmed.
The final possible explanation for the systemic re-
sponse as expressed by the significant rise in C-reactive
protein is the unexpected finding of the rise in serum1.00
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lactate 6 h after the ER (p<0.01). Inferior mesenteric
Fig. 2. Serum lactate. (Ε) Endovascular repair; (Φ) open repair. artery occlusion and the subsequent bowel ischaemia
causes endotoxines to enter the bloodstream, setting
off a systemic response. The rise in serum lactate afterespecially after declamping. Thompson et al. showed
6 h could therefore indicate a late ischaemic event duean increase in oxidative stress and a rise in IL-1b and
to the implanting of the endovascular device andTNF- during EVAR.19 Norgren et al. found a rise in
subsequent ischaemia of the colon. Supporting thisTNF- during EVAR.15,16 These data suggest that IR
theory, Syk et al. found a significant decrease in sigmoidinjury could contribute to the remote organ damage
pH during ER, although less pronounced than in OR.seen in EVAR patients.
In that study endotoxines were not measured.18 WeThese findings cannot be explained by the use of
have not found a correlation between the patency ofintravenous contrast.30–33 Intraluminal manipulation
the inferior mesenteric artery and the rise in serumnear and above the renal arteries could also cause
lactate. In order to test this theory more research hasmicroembolisation and subsequent renal im-
to be done.pairment.34,35
In conclusion, we can say that EVAR causes lessFinally the surgical trauma itself could be an ex-
renal damage than OR. There is a systemic reactionplanation for the rise in ACR found in the EVAR
to the EVAR repair causing mild, short lasting, damagegroup.36 Although the renal responses to both op-
to the kidney reflected by a rise in urinary albuminerations differ considerably, the C-reactive protein
creatinin ratio levels during and after surgery and a riselevels of OR and ER are very comparable,36 indicating
in C-reactive protein postoperatively. This systemicthat there is a systemic response in EVAR patients.
response is most likely induced by a combination ofThe absence of a significant rise in serum lactate in
ischaemia reperfusion damage due to clamping of theEVAR directly after declamping indicates that there
femoral arteries, the blocking of the inferior mesentericis less peroperative ischaemic injury in ER.6,23,27 The
artery, manipulation of the aneurysm contents and theclamping time in ER time appears to be too short to
surgical trauma of the procedure.cause serious ischaemia-reperfusion injury to remote
organs.
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